Abstract. High resolution wide swath is one of the most important missions for future spaceborne synthetic aperture radar (SAR). In this paper, a new multidimensional waveform encoding method which combined the multi-beams with multi-phase centers in azimuth is proposed. This new method can achieve a significant ambiguity deduction capacity for space-borne SAR, which is propitious to execute high resolution wide swath imaging task.
Introduction
Thanks to the limitation of minimum antenna area, the wide unambiguous swath coverage and high azimuth resolution pose contradicting requirements on the traditional design of spaceborne SAR. The normal method to solve this contradiction problem is making compromise between the resolution and imaging swath, such as Spotlight SAR [1] and ScanSAR [2] . The classical HRWS system [3] can solve this contradiction at a certain extent, but it helpless for future spaceborne SAR to realize further shortens of the revisit times. The Multiple-input multiple-output (MIMO) radar [4] can greatly increases the degrees of freedom (DOF) by transmit orthogonal waveforms, which can be utilized for multi-channel spaceborne SAR, but the emitted signals of MIMO radar are not orthogonal to each other absolutely, and the cross correlation noise may affect the image quality. In [5] , the digital beamforming (DBF) technology is used to suppress ambiguity for spaceborne MIMO-SAR, but its high resolution wide swath imaging potential still not be exploited thoroughly. In this letter, we introduce the multidimensional waveform encoding technology in azimuth, which based on multi-beams in azimuth combining with multi-phase centers. In this proposed new system, continuous sub-beams in azimuth arisen from intrapulse scanning will make the sub-Doppler band width to be smaller, furthermore, the multi-phase centers in azimuth will be utilized for suppressing the residual sub-doppler ambiguity that arisen from lower PRF sampling, and the sub-waveforms that corresponding to sub-beams are separated in elevation by DBF on receiver. , 0,
New System Construction
total antenna array elements are utilized to continuously form of P narrow sub-beams for intra-pulse scanning in azimuth, in correspondingly, the transmitted pulse is divided into P sub-pulses with the pth sub-pulse time-width of   1, ,
. The antenna arrays in elevation transmitting as one aperture, whose beam is expanded by phase-only weighting for wide swath imaging. The transmitted signal is
where p  denotes the steer angle of the pth sub-pulse in azimuth,  is the wavelength, p T  is the transmitted delay time of the pth sub-pulse, and 1 0 T   ,  is the fast time, PRI t q   is the slow time, q is a positive integer. p s is the pth sub-waveform. As shown in Figure 1 , according to start-stop approximation, at one time of the received window, the kth row ith column sub-aperture's received signals 
where p  is the point target gain on the pth slant range ring,   
Ambiguity Deduction
At the first glance, the received echo is overlapped by multiple subpulses from different target. But, from the previous analyze, we can see the target in imaging scene will be illuminated by only one sub-waveform at most during one PRI. Therefore, in the simultaneously received echo, the different sub-waveforms are arisen from targets in different space scene, and the different sub-waveforms travel through the same target will arrive at the receiver at different time. In this case, we can separate the sub-waveforms arisen from different transmitted aperture by space time combined matched filter, which fully used the space and time information. The output of directly range compression is presented in Figure 2 , and the separated sub-waveforms are presented in Figure 3 , we can see there are three sub-waveforms have been separated thoroughly. After separation of the sub-waveforms, the residual sub-Doppler ambiguity can be deducted by spectrum reconstruction [6] of multiple sub-Doppler bands in azimuth, then the sub-doppler bands can focus unambiguously as shown in Figure 4 . In fact, the multiple sub-waveforms are transmitted continuously by intrapulse scanning in azimuth, so the multiple sub-Doppler bands are abutting to each other. So we can combine the unambiguous sub-Doppler bands according their Doppler centers, the pulse Compression of combined integral Doppler band in azimuth are presented in Figure 5 . We can find the azimuth resolution has been improved with 3 times compare to the single sub-beams output. 
Summary
The paper studies the multidimensional waveform encoding technology based on the multi-beams combing with multi-phase centers in azimuth, on the one hand, the proposed technology can alleviate the range ambiguity arisen from cross correlation energy of nonideal orthogonal waveforms, on the other hand, it can suppress the azimuth ambiguity of high resolution wide swath imaging thoroughly, with also improve the system's high resolution wide swath imaging capacity remarkably. Assuming there are N sub-beams in azimuth corresponding with N sub-apertures, the proposed new system can deduct 2 N times azimuth Doppler ambiguity, which is about N times to the DPCA (Displace Phase Center in Azimuth) for space-borne SAR. This study will make some meaningful assistance for future space-borne SAR design and study.
